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Methods: The General Steps of Whole Mount IHC

Abstract

Rac & Rho 20 dpd

Vertebrate eye development is highly conserved. Current models for eye development have allowed for the
understanding of gene expression patterns, but they lack the context of extreme environmental conditions that
challenge these fundamental programs. Typical vertebrate life spans can be years versus Austrofundulus limnaeus,
annual killifish, having the ability to complete their entire adult lifespan from hatching to senescence and death in
weeks. Thus, A. limnaeus is a strong model for age-related macular degeneration (AMD); an irreversible loss of
central vision in the outer retina. Annual killifish also experience embryonic diapause; a period of developmental
dormancy and metabolic arrest. Developing and diapausing embryos are extremely resistant to environmental
stresses such as hypoxia and anoxia that would cause irreparable damage to vital organs, such as the eyes, in
other species. Therefore, I hypothesize that embryos of annual killifishes possess molecular and physiological
mechanisms that can bolster survival and prevent loss of eye cells when faced with oxygen stress. The first step in
evaluating this hypothesis is to characterize eye development in annual killifish and establish them as a viable
model to tackle questions relating to eye development and disease. Whole mount immunohistochemistry (IHC)
will be used to explore the expression and 3-dimensional localization of proteins critical for eye development and
cellular regeneration, including: N-cadherin, Rac, and Ascl-1. Confocal microscopy will be used to generate images
of embryos with minimal distortion. Characterizing normal eye development is the first step in this project. Future
studies will focus on changes in eye development associated with oxygen stress and identifying potential
molecular mechanisms to reduce or delay age-related eye degeneration.
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Figure 1: A. limnaeus can develop along two trajectories; entrance into diapause II and direct development which is
termed the escape trajectory. Eyes begin to form at stage 30 (14-16 days post-fertilization at 25°C). Eye
morphogenesis is complete by stage 42 (20 days post-diapause II at 25°C, or 30 dpf at 30°C).
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Figure 3: In all vertebrates,
eye development begins
with evagination of the
neural tube and ends with
tissue fusion at the choroid
fissure.
Characterizing eye
development is essential
to establish annual
killifish as a model for eye
structure and function.
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Eye Development of Annual Killifish
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Figure 6: Tissue fusion occurs at 20 dpd, indicating the completion of eye morphogenesis. (A)
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Rac, Rho and DAPI are visible together. (B) Rac is seen primarily in the Normal
lens, but
is also
seen
within the “handholding” of the retina due to choroid fissure closure at this point. (C) Rho is
seen to outline the outer portions of the retina but not at the closure of the choroid fissure.
(D) A schematic of A-C; tissue fusion.
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Figure 2: Dry AMD is an
irreversible loss of
central vision in the
retina caused by
photoreceptor cell
death. Portions of the
macula thins with age,
tiny clumps of protein
(drusen) grow into the
outer retina, and cell
death occurs. In some
cases, blood vessels of
the choroid can leak
into the macula causing
scars to form.
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Discussion

Annual Killifish Development

AMD is the cause for approximately 9%
of all cases of blindness (Stahl 2020). It
is estimated by 2040, there will be 288
million AMD patients (Cinici 2021). Dry
AMD is 80% more common than Wet
AMD (Paulus 2006).
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Background: Annual Killifish Eye Development

Age-related Macular Degeneration

Results: Rac & Rho
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What are Rac & Rho?

- Rac and Rho are proteins that orchestrate tissue fusion during eye
development.
- Rac is expressed in the lens and allows the tissue to get close enough to fuse,
to then create a lamellipodia and filopodia connection/reaction.
- Rho is expressed in the optic cup and promotes actin stress fibers and focal
adhesion to allow everything to stick together.
Rac & Rho 4 dpd
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Figure 4: Choroid fissure closure begins at 4 dpd. (A) Rac (pink), Rho (green) and DAPI (blue)
are visible together. Rho is indicated by the green arrow. (B) Rac is located within the lens.
There is a small protrusion extending into the retina indicated by the white arrow. (C) The
fibers of Rho are seen at the ‘hands’ of the retina, indicated by the orange arrows. (D) A
schematic of A-C; tissue growth and optic cup morphogenesis.

Rac & Rho 12 dpd
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Figure 5: Basement membrane breakdown occurs ar 12 dpd. (A) Rac, Rho and DAPI are visible
together. Rho is indicated by the green arrow. (B-C) The basement membrane begins to
breakdown, therefore, the ‘hands’ of the retina are now touching but are not entirely fused,
indicated by the orange arrows. (D) A schematic of A-C; basement membrane breakdown.

• At 4dpd, Rac should be more highly expressed throughout the ‘hands’ of the retina.
RNA sequencing data indicates Rac being highly expressed at this stage. Rho
stained as expected at the fissure and should be at low expression.
• At 12 dpd, Rac and Rho are supposed to be at low expression. Rho definitely aligns
with the Podrabsky Labs RNA-sequencing data. Due to low expression of Rac in 4
dpd, it is safe to assume it did not stain appropriately in the other stages. At this
stage, Rac and Rho should both be barely seen at the fissure.
• At 20 dpd, Rac and Rho are not expressed at the fissure due to complete tissue
fusion.
• Despite some problems from the dyes, it was confirmed when the choroid fissure
closure begins (4dpd) and ends (20 dpd) within an annual killifish.
○ Identifying the choroid fissure closure is the first step in identifying the
remaining critical eye stages associated with AMD.
■ Hyaloid vasculature, optic cup, retina, retinal pigment epithelium, and
Bruch’s membrane

Future Directions
• Continue to optimize the protocol to utilize in other sections of the embryo and to
allow other Killifish labs to use it
○ In addition to increasing the concentrations or manipulating proteinase K
and/or 4% PFA. I will…
■ Clear the eye● Via hydrogen peroxide while being careful to not overexpose because it
can affect the dyes OR
● Via CRISPR/Cas9 by disrupting tyrosinase, therefore, the melanin cannot
be synthesized (albino)
• Explore how Ascl-1 and N-cadherin are expressed as well as other genes critical for
eye development such as MAB21L2, Pax6, and Six3.
• Analyze gene expression profiles during exposure to and recovery from anoxia that
is damaging (long-term) and not damaging (short-term).
• In establishing this baseline, I hope to find abnormal expressions in hypoxic to
anoxic environments that may be why A. limnaeus eyes develop normally under
extreme environmental conditions other vertebrates cannot survive.
• Compare these data to other vertebrate models of eye development and disease.
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